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Abstract 
Land cover is a physical appearance of land and represents its ecological status. It is dynamically changed due to human 
intervention, natural disturbance and succession. This research aims to monitor the land cover change in Kuningan Regency during
the period of 1994 to 2015. Geographical Information System (GIS) and remote sensing were used to determine the changes based 
on date series of Landsat satellite imagery. The result showed that there was a high increase of 5 (five) land cover types, namely: 
dryland farming (10,12 %), settlement (384.04 %), rice field (118,95 %), shrubland (27.30 %), and bare land (4,277.68 %). 
Meanwhile, there was a decrease of 4 (four) land cover types, namely: natural forest (43.53 %), plantation forest (34.77 %), mixed 
garden (63.27 %), and water bodies (4.35 %). 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Rapid development and population increase of an area require more land and space. Thus, land cover change is 
unavoidable. Land cover is a combination of various factors created by natural and human beings, including 
vegetation, soil, glaciers, lakes, wetlands and a variety of buildings [1]. Land cover indicates an ecological status and 
physical appearance of the land surface, which may change due to human interventions, natural disasters and plant 
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succession. In many cases, land use change may not significantly change the land cover condition. For example, 
allocation of degraded area as protection forest will not automatically change the land cover into forest area. Land 
cover change can be classified into two categories [2] namely a) conversion into different category b) modification 
within the same category for example from primary forest into secondary forest.  
Estimation of land cover change at local scale from a global study is challenging, in fact a local study of a country 
often yield a different result due to different method and land classification [3]. Human activities have been the major 
cause of land cover change that will halt at a certain point when no possible change can be made in the landscape [4]. 
Kuningan district is an upstream area of Cirebon and Brebes district (Central Java). Therefore, this district provides 
natural resources for the surrounding areas in particular as water supply system. This study was aimed at identifying 
the land cover change in Kuningan district during the period of 1994 to 2015. 
2. Methods 
The study area encompasses the administrative area of Kuningan district geographically located at 108º23'- 108º47' 
E and 6º47'-7º12' S, and has an area of 119.571 hectares. This district is administratively surrounded by Cirebon 
district in the north, Majalengka in the West, Ciamis district in the south, and Brebes (Central Java) in the east, divided 
into 32 sub-districts, 366 villages and 15 urban villages (Fig. 1). 
Fig. 1. Map of study area. 
In this study we used a Landsat satellite imageries path/raw 121/65, acquired on April 8, 1994 and September 25, 
2015, and the administrative map of Kuningan district. Images were analyzed using ENVI and ArcGIS Software. 
Supervised classification was applied due to a better result than that of unsupervised classification [5]. In addition we 
also used visual/manual technique to enhance the accuracy of interpretation result during corrections process. 
Descriptive analysis was used to examine factors influencing land cover change in Kuningan district. 
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Supervised classification is a classification method that gives guidance to the computer in the process of 
classification. Supervised classification requires training areas which represent specific classes. Selection of training 
areas was performed based on the knowledge of the analyst / interpreter on the appearance of data and information of 
earth surface images. Training areas that have been obtained can be used as the basis during classification process for 
similar and identical image. 
Fig. 2. (a) Landsat satellite imagery 1994; (b) Landsat satellite imagery 2015. 
3. Result 
3.1. Image interpretation and classification 
Around 56 training areas were used in the 1994 Landsat classification and interpretation with separability value of 
(a) 
(b) 
431 Iing Nasihin et al. /  Procedia Environmental Sciences  33 ( 2016 )  428 – 435 
1.99 which indicates good separability of images classification. Whilst, we also managed to obtain good separability 
value for 2015 Landsat (1.99) using 60 training areas as the basis of classification. Maximum likelihood method were 
used in the supervised classification technique. We tested the classification result of the 1994 Landsat using confusion 
matrix with an overall accuracy of 95.79% and the kappa coefficient of 0.96. Landsat overall accuracy in 2015 of 
96.75 % with a kappa coefficient of 0.97. We corrected further the result of this classification manually based on 
interpreter knowledge about the field status. 
3.2. Description of land cover classes in Kuningan district 
We classified the land cover of Kuningan District into 9 classes including water body, primary forest, plantation 
forest, mixed garden, settlement, rice field, upland agricultural, bush/shurbland, and bare land. Description of each 
land cover class can be found in Table 1. 
Table 1. The description of land cover classes at Kuningan District. 
No. Land cover class Description   
1. Water body 
This class describes areas that are entirely covered by water, such as reservoirs and rivers, 
shown by dark blue color with regular pattern and smooth texture. 
2. Natural/primary forest 
This class refers to areas dominated by natural vegetation, consisted of primary and 
secondary forest with composition of various types of natural vegetation and stand 
structure was filled with large and dense canopy.  
Natural forest on Landsat image was identified by bright to dark green, rough texture, 
irregular forms and patterns, occupied vast area, distributed or sometimes clustered, with 
mountainous sites. 
3. Plantation forest 
This class applies to plantation areas with different standing ages. 
Plantation forest defined as image of dark green or brownish green, medium texture - 
smooth with a regular pattern. 
4. Mixed garden 
This class includes areas which area planted with hardwoods and fruits.  
Mixed farms appeared on the Landsat image as light-dark green to light-medium red, 
relatively rough textured, distributed-clustered at valleys and along the rivers, often mixed 
with settlements. 
5. Settlement 
Land covered with buildings, either permanent or semi-permanent. This group includes 
residential, offices, schools, public facilities, roads and industries.  
Landsat imagery of settlements can be inferred from medium pink colour, coarse texture 
pattern usually adjacent to road construction.  
6. Rice Field 
Land planted with rice, cultivated throughout the season for irrigation rice field and on 
rainy season for rain-dependent rice field due to waterlogged requirement to grow rice.  
On Landsat image, rice field identified as medium dark green colour mixed with magenta 
and blue, smooth textured and associated with dryland farmings and settlements. 
7. Dryland farming  
This class describes an area where crop cultivation depends on rainfall. Crops area usually 
short term rotation plants such as vegetables. 
Dryland farming is indicated on the satellite images as light green colour mixed with 
medium pink and yellow, rough texture, and associated with rice fields and settlements 
8. Bush/shurbland  
Land occupied with grass, small plants with less than 2 meters height, ferns and vines. 
This plant is quite dense and cover the surface of the soil. 
Shrubland was identified on Landsat image by greenish yellow lighter color and smoother 
texture than forests, with irregular pattern. 
9. Bareland 
Land with no vegetation cover, buildings and unflooded area. Rock formation found in 
the study area was formed during volcanic eruption of mount Ciremai inparticular on the 
slope areas. 
Bareland on Landsat image was identified from brown to red colour with smooth texture. 
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3.3. Land cover change detection for the period 1994 - 2015  
x Land cover area in 1994 
Almost half of the total area in Kuningan district was occupied by mixed garden. More than 20% of the areas were 
ricefields as the second dominant land cover class during this period. Settlements were occupied small area of 
about 0.92% suggesting low population density in the district. Classification and the percentage of each land cover 
classification can be seen in Table 2.  
Table 2. Land cover area in 1994. 
No. Cover land classes Area (Ha) Percentage (%) 
1. Water body 581.22 0.49 
2. Natural forest 17,215.11 14.40 
3. Plantation Forest  3,184.39 2.66 
4. Mixed garden 50,234.71 42.01 
5. Settlement 1,102.28 0,92 
6. Dryland farming  11,733.21 9.81 
7. Rice field 25,955.99 21.71 
8. Bush/shrubland 9,538.54 7.98 
9. Bareland  25.56 0.02 
TOTAL 119,571.00 100.00 
x Land cover area in 2015 
Rice field was the most dominant land cover class in 2015 occupied an area of 56.829.74 ha (47.69%). Mixed 
garden area was decrease substantially with the total area of 18.450 ha, however, it is still listed as the second 
dominant land cover class. Classifications and the percentage of each land cover area are presented in Table 3.  
Table 3. Land cover area in 2015. 
No. Cover land classes Area (Ha) Percentage (%) 
1. Water body 555.95 0.47 
2. Natural forest 9,721.61 8.16 
3. Plantation forest 2,077.19 1.74 
4. Mixed garden 18,450.62 15.48 
5. Settlement 5,335.49 4.48 
6. Dryland farming 12,920.51 10.84 
7. Rice field 56,829.74 47.69 
8. Bush/ shrubland 12,142.49 10.19 
9. Bareland 1,118.91 0.94 
TOTAL 119,571.00 100.00 
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Fig. 3. (a) Land cover map of 1994; (b) land cover map of 2015. 
x Rate of land cover change 1994 - 2015 
During the study period, we observed an increasing area of 5 land cover classes including bareland, settlement, 
rice field, shrub land and dryland farming. However, bareland was increased significantly by 2,603.95 ha compare 
to the 1994 land cover area. We suggest that the massive identification of bareland class in 2015 was due to the 
(a) 
(b) 
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observation data acquired during the driest month (25 September). Settlements were also rapidly increased in line 
with an increase of rice field areas. In addition, similar to bareland an increase of shrub land identification was 
likely due to long drought season where most agricultural were left uncultivated. We also observed decreasing of 
4 land cover classes including mixed garden, natural forest, plantation forest, and water body. Table 4 presents 
total area change of each land cover class during the study period from 1994 to 2015.  
Table 4. Total land cover change (1994 – 2015). 
No. Land cover classes 
Year Change 
1994 (Ha) 2015 (ha) Ha % 
1. Water body 581.22 555.95 -25.27 -4.35 
2. Natural forest 17,215.11 9,721.61 -7,493.50 -43.53 
3. Plantation forest 3,184.39 2,077.19 -1,107.19 -34.77 
4. Mixed garden 50,234.71 18,450.62 -31,784.09 -63.27 
5. Settlement 1,102.28 5,335.49 4,233.22 384.04 
6. Dryland farming 11,733.21 12,920.51 1,187.31 10.12 
7. Rice field 25,955.99 56,829.74 30,873.75 118.95 
8. Bush/shrubland 9,538.54 12,142.49 2,603.95 27.30 
9. Bareland  25.56 1,118.91 1,093.35 4,277.68 
We also analyzed the mean changes per year to examine how fast the increase or decrease took place each year. 
The mean increase per year of rice field, settlement, bushes/shrubland, dryland farmings and barren lands were 
1,470.18 ha y-1, 201.58 ha y-1, 124.00 ha y-1, 56.54 ha y-1, 52.06 ha y-1 respectively. While the mean reduction of 
land cover class per year of mixed farms, natural forest, plantation forest, and waterbody were 1,513.53 ha y-1, 356.83 
ha y-1, 52.72 ha y-1, and 1.20 ha y-1 respectively. 
Table 5. Rate of land cover change per year (1994 – 2015). 
No. Land cover classes 
Year 
Rate of Change (Ha/year) 
1994 (Ha) 2015 (ha) 
1. Water body 581.22 555.95 -1.20 
2. Natural forest 17,215.11 9,721.61 -356.83 
3. Plantation forest 3,184.39 2,077.19 -52.72 
4. Mixed garden 50,234.71 18,450.62 -1,513.53 
5. Settlement 1,102.28 5,335.49 201.58 
6. Dryland farming 11,733.21 12,920.51 56.54 
7. Rice field 25,955.99 56,829.74 1,470.18 
8. Bush/shrubland 9,538.54 12,142.49 124.00 
9. Bareland 25.56 1,118.91 52.06 
The effect of increasing human population on land cover has been reported in the previous study [6]. More 
population means more changes will take place to support human activities and needs. This will lead to land cover 
changes that was also similar to the result of our study [4]. The Kuningan District population in 2015 was 1,129,233 
with a growth rate of 41%, thus we suggest population has an effect on land cover change to meet their need for space 
and land in order to support human life such as development settlements and agricultural lands including rice fields. 
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4. Conclusion 
The changes of land cover at Kuningan District during the period of 1994 - 2015 were identified on 9 land cover 
classes. we observed an increasing area of 5 land cover classes including bareland, settlement, ricefield, shrubland 
and dryland farming. We also observed decreasing of 4 land cover classes including mixed garden, natural forest, 
plantation forest, and water body. The increase of land cover area tends to be resulted from seasonal factors and 
population.  
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